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© Hydrochlorofluorocarbon azeotropic or azeotropic-like mixture. 

© A hydrochlorofluorocarbon azeotropic or azeotropic-like mixture comprising at least one member selected 
from the group consisting of hydrogen-containing fluoropropanes of the formula I: 

CH 8 Cl b F c CF 2 CH K Cl y F r (I) 

wherein a + b + c=3, x + y + z = 3. a + x*l, b + y*1. and 0Sa.b.c.x.y.z*3. and at least one member selected from 
the group of compounds II consisting of halogenated hydrocarbons having a boiling point of from 20 to 85 C 
other than said hydrochtorofluoropropanes, hydrocarbons having a boiling point of from 20 to 85 C and alcohols 
having from 1 to 4- carbon atoms. 
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HYDROCHLOROFLUOROCARBON AZEOTROP.C OR AZEOTROP.OL.KE MIXTURE 

^ present invent relates to a neve, Hvdrcch.orcjuorocarjon ^^^l^Z . 
which can be used as a chlorofluorocarbon alternative and wh.cn has excellent prop 

^.crofluorocarbon compounds ^Ts^^ 

ma ny cases, non-flammable EXS^*"* ^ « ■ ^« a 

available. By virtue of such P"P^Vi mi^u£d« a blowing agent or a propellent; and d.ch- 
blowina agent; trichloromonofluoromethane (R11) is used « a o.ow a 

lorcdiffuoromethane (R12) Is used as a propellant or a ^JJTL troposphere and reach the stratosphere, 
Chemically stable R11. R« and initiate a cha!n reaction 

where they will be dissociated by solar rad.afo to ^ "^Ts for limiting the use of such 

- actively Md to dev6,0P 

having 3 carbon atoms, which has vanous excellent properties equal 

useful as a CFC alternative. „«. mrnrar tw, azeotrooic or azeotropic-like mixture compris- 

85' C and alcohols having from 1 to 4 carbon atom ^ flammable and may take a form of an 

The mixture of the present invent.cn Is n°n-flammable used gs „ solvent , it prov ides 

azeotropic composition or m Therefore, it is very useful 

see rs-S^ 6 sr - . . - - . 



following compounds: 
CClF 2 CF 2 CHCI 2 (R224ca) 
CCl 2 FCF 2 CHClF(R224cb) 
os CF 3 CF 2 CHCl 2 (R225ca) 
CCtF 2 CF 2 CHClF(R225cb) 
CClF 2 CF 2 CH 2 Cl(R234cc) 
CHF 2 CF 2 CHClF(R235ca) 
CH 3 CF 2 CCJL 2 F(R243cc) 
40 CHF 2 CF 2 CH 2 Ct(R244ca) 
CH 2 CtCF 2 CH 2 Ci(R252ca) 
CHCt 2 CF 2 CH 3 (R252cb) 
CH 3 CF 2 CH 2 Cl(R262ca) 
CHF 2 CF 2 CClF(R225cc) 
45 CHCtFCF 2 CHClF(R234ca) 
CHF 2 CF 2 CHCl 2 (R234cb) 
CH 2 FCF 2 CCt 2 F(R234cd) 
CF 3 CF 2 CH 2 Ct{R235cb) 
CCLF 2 CF 2 CH 2 F(R235cc) 
so CH 2 CLCF 2 CHCtF(R243ca) 
CH 2 FCF 2 CHCl 2 (R243cb) 
CH 2 FCF 2 CHCtF(R244cb) 
CClF 2 CF 2 CH 3 (R244cc) 
.CH 2 FCF 2 CH z Ct(R253ca) 
CH 3 CF 2 CHClF(R253cb) 
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CF 3 CF 2 CHClF(R226ca) 

CCtF 2 CF 2 CHF 2 (R226cb) 

CCl 3 CF 2 CHCl 2 (R222c) 

CCl 2 FCF 2 CHCl 2 (R223ca) 
s CCl 3 CF 2 CHCtF(R223cb) 

CCl 3 CF 2 CHF 2 (R224cc) 

CHCl 2 CF 2 CHCl 2 (R232ca) 

CCt 3 CF 2 CH 2 Ct(R232cb) 

CCt 2 FCF 2 CH 2 Cl(R233cb) 
to CHCt 2 CF 2 CHCtF(R233ca) 

CCt 3 CF 2 CH 2 F(R233cc) 

CCl 3 CF 2 CH 3 (R242cb) 

brominated hydrocarbons having from 1to 4 carbon atoms dicn | 0 romethane. trich- 

The chlorinated hydrocarbons , havng from , fc J ^^^/^ h|oropropane . 2 ^nloro-2-methyl- 
loromethane. trans-1 .2-dichloroethy « 8 ^^^S^d hydrJc^n. Include 1.1.2-trich- 
20 T "^'mmr l^rt^SSSSESJSl. C«» y i. 2 . 2 -trich,oro-.. 2 -d i fl U oro e thane 

ETS;!SS= S^nl '^1 ,b_e as a preferred 

25 example. . , ft( _*r: include aliphatic, aiicyclic and aromatic 

T Tne 11 ^2??6 8 6^uoror^ane and tetrachloro-U.-difluoroethane; nitro compounds: 
« SSKSS e^;- aSe^s: esters; organic phosphites: epoxides: furans: aicoho.s: ketones: amides: 

55 "tte 9 S^mTounS those represented by the formda R-N0 2 wherein R is a 

h hS.*™, ™ having from 1 to 6 carbon atoms and containing a saturated or unsaturated bond, may 
Z ^Z^ ^XZy inciude nitromethane. nitroethane, 1-n«ropro P ane. 2-nitropro P ane and 
nitrobenzene. More preferred are nitromethane and nitroethane. 



4 



10 



f5 



20 



EP 0 381 216 A1 

As the phenols, those represented by the following formulas are preferred: 

R R 

' R" 
R' 





;oor'-r", R toT B 





* wherein each of R, R, R* and r" is OH or a chain or cyc.ic hydrocarbon group having from 1 to 6 carbon 
nSc^^ 

30 2,2-propane and Z6-di-t-butyl-p-cresol. nroferrad- 
As the amines, those represented by the followmg formulas are preferred. 
R-N(R')2. (R)2-N(R')2, (R)2-NR . (R)3N. RN, 

R' 



40 



45 



(R) 2 N-R -N-(R> „ 
R-CHN(R )z-R -N-(R^2 
(R) 2 N-R'-NH-R"-N-(R fc 



irrea^ H^XZen atom or a chan or cyCic hydrocarbon group having from i 
to 8 carbon atoms and containing a saturated or unsaturated ^ dilsobutytamlne. di-n-pro- 

Specifically. they include P*-*^" 1 ?- , *T^^^^£3E2^Srtiofino. iSnethylmorphollne. 
P y.amine. d.aHylamlne. triethy.amine. "T^*--^ ethylamlne. 
Wallylamine. aHylamine, a .meWr*n Z ylamine ££hyta^ famine. 

As the ethers, those represented by the following formulas are preferred. 
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20 



25 



30 



R-O-R' , o( R )o , R-OH-R'OH , 

R' 

HO-R-O-R*. HO-R-O-R'-O-R" , HO-R-OH , 

R-0- R'-CH - R" . R-O-R'-O-R" . 
i 0 J * 

R-O-CH - R' . R-O-R' - (OR" ), 
' 0 J 

wherein each or a R' an, R" J. >?^^Z=>^ ^— ^ 
containing a saturated or unsaturated bond Specf.ca^y. they ' nc Methylene glycol monoethyl 

ether, ethylene glycol monomethyl ether , d» hylene glycol mo methyl « J ethef _ 
ether, dipropylene glycol methyl ether ethy. .sobuty ether, e h prop V yl ethyl met hy< 

vinyl ether, ethyl phenyl ether. an,sole. anethote ethyl ether, 
ether. ethy,ene glycol, methyl g.ycidyl ether ethy ^J^f^^ST^i monobutyl ether, 
ethytene glycol dimethyl ^/Z e^XZ^ eth'er. dlallyl ether, butyl 

ethylene glycol monobenzyl ether d.pentyl ether alj thyl etne. P jr ^ ^ 

~ - -~ 

M ° re As Pr the f e£;;. «resented by the following formu.as are preterred: 

r-coo-r', 

R-CO , 
N-R' 

S£T£S£ ^ W hydrogen atom or a chain or cyclic hydrocarbon group having from 1 to 6 

carbon atoms and containing a saturated or ™ s *^^ d . acetate n . butyl isobuty l acetate. 

Specifically, they indu de rnethy ace a 9 . ej,y aceta • p I ace^e. «*» ^ 

^'a^ry^c^ -thy, carbamate, and me,y, salicylate. More 
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(R0) 3 P, (R-R'-O).P . (RO).POR'. 
■ RO 



' — ro / 



OCH: 



C (RS) 3 P , 
J 4 , 



20 



25 



R-R' -0 

- I- 

OH 2 C 



N OHa<T 



P 
3 



CH 2 0 



/ 



POR' , 



OH 2 C ,CH 2 0^ 
R-R'-Op( ^ / 



// tit 



P 0 - R-R 



k • -«-h nf r r' R* and R" Is a hydrogen atom or a saturated or unsaturated chain or cyclic 
wherein each of R, R . R and n is a nyo ' u soecificaltv they include trlphenolphosphite, tris- 
hydrocarbon group having from 1 to 8 "^^^^^^^ tributylphosphite. 

» butyl P henyl)phosphite. More preferred are triphenylphosphrte and tnbutylphosph.te. 
TsZ f epoxides, those represented by the following formulas are preferred: 

IS R is°a saturated or unsaturated chain or cyclic hydrocarbon group having from 1 to 8 carbon atoms, 

an %^LTt!ey"c,de 1,2-buty.ene a** epichlorohydrin propylene oxide. 2.3-buty.ene oxide and; 
styrene oxide. More preferred are 1.2-butylene oxide and epichiorohydrin 
As the furans. those represented by the following formulas are preferred. 



40 



45 
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f \ 0 l.> N-R"and l.\ 



R' j NH 

A- 



. * u * o a 3 nH r" i« a saturated or unsaturated hydrocarbon group having from 1 to 2 carbon 
^S^ ^^ !SS£^ n-^Vlpy'rrCe. a-methyipyrrde and 3-methy.pyrro.e. 

M ° r ^T:^TZ°t M y used as stabler, those presented by the fol.ow.ng formulas are 

preferred: 
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to 



6 carbon atoms. - . . , , 

Specifically, they include, methanol, ethanol. secbutanol. tert-butanol. allylalcohol. benzylalcohol. pro- 

panol isopropanol, tert-amylalcohoi, 1-amino-2-propanol, propargylalcohol. isobutanol, butanol. 3-methyl- 

pentyn-3-ol. 1-methoxy-2-propanol, 3-methyM-butyn-3-ol. 2-methyl-3-butyn-3-ol, pentyl alcohol, hexanol, 

heptanol and octanol. More preferred are secbutanol and propargyl alcohol. 

As the ketones and amides, those represented by the following formulas are preferred: 

.(R).CO. R-CO-R', (RNC0) 2l 



gv-COON-R ^ r-co-NH-R', R-C0N-(R') v . 

COON-R' 




(R),NC0N(R') 2 , R-CO 7 R \ 



CO 



20 



25 



30 



35 



4Q 



;N-R", and CO / 
p ' X R 

/ \ 

NR" NR 



wherein each of R, R. R* and fT is a hydrogen atom or a saturated or unsaturated hydrocarbon group 
having from 1 to 4 carbon atoms. Specificaly, they include acetone, methyt ethyl ketone, methyl isobutyl 
ketone, azcdicarbonamide. maleic acid hydrazine, phthalic acid hydrazine, formamide. N-methytformamide, 
N.N-dimethylformamide, N-methylpropropioneamide. 2-pyrrolidone, N.N.N -tetramethylurea and N-methyl- 
pyrrolidone. More preferred are methyl isobutyl ketone and 2-pyrrolidone. 
As the triazoles, those presented by the following formulas are preferred; 

OH 

I, „ 

R - N 3 - R # , R : Na-R;-0H ( X-R-Na-R -R , and 

R" * R "' 

' R-N 3 - R' -N-R" , 



45 wherein each of R, r'. R* and fC is a hydrogen atom or a saturated or unsaturated chain or cyclic 
hydrocarbon group having from 1 to 16 carbon atoms, and X is a halogen atom. ^ 

Specifically, they include 2-(2'-hydroxy-5'-methylphenyl)benzotriazol©, 2-(2 -hydroxy-3 -tert-butyl-5 - 
methylphenyi)-5-chlorobenzotriazole. 1 ,2.3-benzotriazole, and 1 -((N,N-bis-2-ethylhexyl)aminomethyl]- 
benzotriazoie. More preferred is 1 ,2,3-benzotriazole. 

so The hydrochlorofluorocarbon azeotropic or azeotropic-like mixture of the present invention is useful for 
various purposes, for example, as a blowing agent and so on. like conventional CFCs. It is particularly 
useful as a solvent, since it provides a solvency equivalent or superior to conventional R113. Specific 
applications as the solvent include a removing agent for flux, grease, oil. wax or ink. a coating solvent, an 
extracting agent, a cleaning or water-removing agent for various articles made of glass, ceramics, plastic, 

55 rubber or metal, particularly for semiconductor devices, electronic components, electronic circuit boards, 
electrical cevices. precision machine parts or optical lenses. Further, it is useful as a resist developer, a 
resist-removing agent or a buff polishing and cleaning agent. As a cleaning method, manual wiping, dipping, 
spraying, shaking, ultrasonic cleaning or vapor cleaning may be employed. 



8 
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Now the oresent Invention will be described in further detail with reference to Examples. However, it 
JFMSSl Se present invention is by no means restricted by such specie Examples. 

5 EXAMPLES 1 to 152 

the evaporation and condensation of a mixture as identified in Table 1 tor aays oy 
Clea A in s 9 US30 P 4 test piece (25 mm x 30 mm x 2 mm in thickness) was immersed in machine oil (CQ-30. - 

removed satisfactorily at the same level as R113. thickness) was coated with a flux 

A single sided printed circuit board (50 mm x 100 mm ^ m ™^^" 2 8, m ^ te8 m a convection 

plate withdrawn, was immersed in dry me hand. ~ ^ , Tab , e 1( in which symD0 | C-® 

increase of the water content in methanol. The results are snown in idui* ■ _ qT6wt%/6 4 

indicates that the water can be removed satisfactorily at the same level as R1 13/methanol - 93.6 wt/o/6.4 

wt%. 
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Table 1 



45 



Exam- 
ples 


C 

B.P. < 
Mixtures j 


l 

Iharged i 
:omposi- < 
tion J 
(wt%) 


30iii ^ 1 Aze0 - 1 

? oint tropic 

3 ^ 1 compo- 

^ ze0 " sition 

tr °P e (Wt%) 
CO 


^zeo- 
tropic- 
Like 
compo- 
sition 
(wt%) 


rest 
results 


1 


R225ca 51.1 
Rl41b 32 


30 
70 


25 

1 


5-45 
55-95 


A-© 


2 


R225ca 51.1 
R113 47 *6 


40 
60 


42 

44 58 


22-62 
38-78 


A-® 


2 


R225ca 51.1 
R122 71.9 


80 
20 


78 

52 1 22 


58-98 
2-42 


A-O 


4 


R225ca 51.1 
Rl32b 46.8 


52 
48 


50 

42 50 


30-70 • 
30-70 


A-® 


5 


R225ca 51.1 
Dichloro- 39.8 
methane 


50 
50 


47 

34 53 


27-67 
33-73 


B-© 


6 


R225cb 56.1 
R141b 32 


20 
80 

50 
50 


16 
84 

43 

36 57 


1-36 
64-99 

33-53 
d7-fi7 


A-® 
B-® 


7 


R225cb 56.1 
Dichloro- 39.8 
methane 


6 


R225cb 56.1 
Rl32b 46.8 


42 
58 


39 

43 61 


19-59 
41-81 


A-© 


9 


R225cb 56.1 
R122 71.9 


80 
20 


1 78 
55 22 


58-98 
2-42 


A-© 


10 


R22Scb 1 56.1 
R113 47.6 


-30 
70 


32 

46 68 


12-52 
48-88 


A-O 


11 


R244ca 1 54 
Rl41b 32 


15 
85 


I 3 

32 87 


1-33 
67-99 


A-© 


12 


R244ca 54 
Dichloro- 39.8 
methane | 


50 
50 


38 

35 62 


18-58 
42-82 


A-O 
B-O 



50 



55 
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Table 1 (continued) 
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Table 1 (continued) 



Exam- 
ples 


Mixtures 


B.P. 
(°C) 


Charged 
composi- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 
(°C) 


Azeo- 
t ropic 
compo- 
sition 
(wt%) 


Azeo- 
tropic- 
like 
compo- 
sition 


Test 
results 


2 2 


R225ca 

2-bromo- 

propane 


51.1 
59.4 


60 
40 


47 . 


66 
34 


46-86 
14-54 


A-© 


2 3 


R225cb 

2-bronto- 

propane 


56.1 
59.4 


60 
40 


49 


58 
42 


38-78 
22-62 


A-© 


2 4 


R244ca 

2-bromo- 

propane 


54 
59.4 


50* 
50 


48 


55 
45 


35-75 . 
25-65 


A-© 


"i c 


R244cb 

2-bromo- 

propane 


58 
59.4 


60 
40 


50 


50 
50 


30-70 
30-70 


A-© 


26 


R235ca 

2-bromo- 

propane 


43.9 
59.4 


70 
30 


42 


74 
26 


54-94 
6-46 


A-© 


27 


R243cc 

2-bromo- 

propane 


60.2 
59.4 


40 
60 


52 


50 
50 


30-70 
30-70 


A-© 


28 


R225cb 

2-methyl- 

pentane 


56.1 
60.3 


90 
10 






50-99 
1-50 


A-© 


29 


R244ca 

2-methyl- 

pentane 


54 
60.3 


90 
10 


55 


91 
9 


71-99 
1-29 


A-© 


20 


R244cb 

2-raethyl- 

pentane 


58 
60*3 


70 
30 


55 


72 
28 


52-98 
2-48 


A-O 



50 



12 
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Table 1 (continued) 



Exam- 
ples 


Mixtures 


B.P. 1 
(°C) 1 


I 

Charged ] 
composi- < 
tion i 
(wt%) 


3oiling 
soint 

fczeo- 
trope 
CO 


J 

Azeo- 
tropic 
compo- 
sition 
(vt%) 


^zeo- 
tropic- 
like 
compo- 
sition 
(wt%) 


rest 

r a C11 1 he 


31 


R243cc 
2-methyl- 


60.2 
60*3 


70 


61 


74 
26 


54-99 
1-46 


A-® 


i *) 


pentane 

p225cb 
2,3- 


56.1 1 
58.0 


• 80 
20 


56 


78 
22 


58-98 
2-42 


A-O 


dimethyl- 














33 


I butane 

R244ca 
2,3- 


54 


80 
20 


53 


76 
24 


56-96'" 
4-44 


A-® 


dimethyl- 
| butane 














34 


R244cb 
2,3- 

dimethyl- 
1 butane 


Do . 

58 . 0 


1 60 
40 




63 
37 


43-95 
5-57 


A-© 


35 


|R225ca 
2,3- 

dimethyl- 


51.1 
58,0 


1 90 
10 




- 


85-99 
1-15 


A-® 


36 


1 hutane 

R243CC 
2,3- 


60.2 
58.0 


"I 90 
10 






50-95 
5-50 


A-O 


dimethyl- 














37 


j butane 

|R225ca 
j trans- 
1,2- 


51.1 j 60 
47.7 40 


44 


57 
43 


37-77 
23-63 


A-© 




dichloro- 
















ethylene 
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Table 1 (continued) 



Exam- 
ples 


Mixtures 


B.P. 
(°C) 


Charged 
composi- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 
(°C) 


Azeo- 
tropic 
compo- 
sition 
(wt%) 


Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 


Test 
results 


38 


R225cb 
trans- 
1,2- 

dichloro- 
ethylene 


56.1 
47*7 


50 
50 


46 


47 
53 


27-67 
33-73 


A-© 


39 


R244ca 
trans- 

1,2" 

dichloro- 
ethylene 


54 
47.7 


50 
50 


45 


46 
54 


27-66 
34-74 


A-® 


40 


R244cb 
trans- 
1,2- 

dichloro- 
ethylene 


58 
47.7 


45 
55 


46 


40 
60 


20-60 
40-80 


A-© 


41 


R235ca 
trans- 
1,2- 

dichloro- 


43.9 
47.7 


70 
30 


41 


66 
34 


46-86 
14-54 


A-® 


42 


R243cc 
trans- 
1,2- 

dichloro- 
ethylene 


60.2 
47.7 


40 
60 


45 


42 
56 


22-62 
38-78 


A-© 


43 


R225ca 
cis-1,2- 
dichloro- 
ethylene 


51.1 
60.6 


80 
20 


50 


78 
22 


58-98 
2-42 


A-© 



50 
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Table 1 (continued) 



Exam- 
ples 



44 



45 



46 



47 



48 



R225cb 
cis-lf 2- 
dichloro- 
ethylene 



Mixtures 



B.P. 

C) 



R244ca 
cis-1,2- 
dichloro- 
ethylene 

R244cb 
cis-1,2 
dichloro- 
ethylene 



R235ca 
cis-lr2- 
dichloro- 
ethylene 



R243cc 
cis-1,2- 
dichloro- 
ethylene 



Charged 
composi- 
tion 
(wt%) 



56. 1 
60.6 



54 
60.6 



58 
60.6 



43.9 
60.6 



Boiling 

point 

of 

Azeo- 
trope 
C) 



70 
30 



70 
30 



60 
40 



90 
10 



60.2 
60.6 



60 
40 



Azeo- 
tropic 
compo- 
sition 
(wt%) 



Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 



53 



51 



54 



69 
31 



67 
33 



59 
41 



45 



52 



94 
6 



Test 
results 



59-79 
21-41 



47-87 
13-53 



39-79 
21-61 



74-99 
1-26 



58 
42 



38-78 
22-62 



49 



R244cb 
R113 



58 
47.6 



10 
90 



48 



12 
86 



2-32 
68-98 



50 



R235ca 
R113 



43.9 
47.6 



60 
40 



42 



56 
44 



36-76 
24-64 



51 



R244cb 
Dichloro 
methane 



58 
39*8 



30 
70 



36 



33 
67 



13-53 
47-87 



52 



R235ca 
Dichloro 
methane 



43.9 
39.8 



50 
50 



32 



53 
47 



33-73 
27-67 



A-<E 



15 
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Table 1 (continued) 



20 



4$ 



Exam- 
ples 


Mixtures 


B.P. 

(°C) 


Charged 
composi- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 
(°C) 


Azeo- 
tropic 
compo- 
sition 
(wt%) 


Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 


Test 
results 


53 


R243cc 
Dichloro- 

me tnane 


60.2 
39.8 


50 
50 


38 


30 
70 


10-50 
50-90 


A-© 


54 


R244cb 
Cyclo- 
pentane 


58 
49.3 


40 
60 


48 


43 
57 


23-99 
1-77 


A-© 


55 


R235ca 
Cyclo- 
pentane 


43,9 
49.3 


80 
20 


42 


77 
23 


o / y y 
1-33 


A-O 


56 


R243cc 
Cyclo- 
pentane 


60.2 
49.3 


25 
75 


49 


30 
70 


10-99 
i y u 


A-® 


57 


R244cb 
2,2- 

butane 


58 
49.7 


40 
60 


50 


34 

66 


j. 4— y y 
1-86 




58 


2,2- 

diraethyl- 
butane 


43 . 9 
49.7 


80 
20 


43 


81 
19 


61-99 
1-39 


A-© 


59 


R244cb 
R122 


58 
71.9 


80 
20 


58 


75 
25 


55-95 
5-45 


A--0 - 


60 


R244cb 
R132b 


58 
46.8 


30 
70 


45 


29 
71 


9-49 
51-91 


A-O 


61 


R235ca 
R123 


43.9 
27.1 


20 
80 


28 


86 


1-34 
66-99 


A-O 


62 


R235ca 
R132b 


43.9 
46.8 


20 
80 


39 


57 
43 


37-77 
23-63 


A-© 



50 



55 



16 
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Table 1 (continued) 











5 
70 


Exam- 
ples 


Mixtures 


B.P. 
(°C) 


Charged 
composi- 
tion 
(wt%) 


Boiling 
point 

OL 

Azeo- 
trope 
(°C) 


Azeo- 
tropic 
compo- 
sition 
(wt%) 


Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 


Test 
results 




63 


R235ca 
Rl41b 


43.9 
32 


30 
" 70 




34 
66 


14-54 
46-86 


A-© 


15 


64 


R243CC 
R122 


60.2 
71.9 


80 
. 20 


Art 


77 
23 


57-97 
3-43 


A-© 




65 


R243CC 


60,2 
46.8 


20 
80 


46 


24 
76 


-4-44 
56-96 


A-® 


20 


66 


R225ca 
R141 


51.1 
75.7 


90 
10 


52 


95 
5 


75-99 
1-25 


A-© 




67 


R225cb 
R141 


56.1 
75.7 


90 
10 


56 


89 
11 


69-99 
1-31 


A-© 


25 


68 


R244cb 
R141 


58 
75.7 


65 
15 


59 


90 
10 


70-99 
1-30 


A-© 


30 


69 


R225ca 


51.1 
64.5 


97 
3 


46 


94.6 
5.4 


75-99 
1-25 


A-© 
B-© 
C-© 


35 


70 


R225cb 
Ethanol 


56.1 
78.3 


97 
3 . 


53.8 


95.6 
4.4 


74-99.5 
0.5-26 


A-© 
B-© 
C-© 




71 


R225cb 
Iso- 

propanol 


56.1 
82.4 


97 
3 


.. 54.9 


97.9 
2.1 


77-99 
1-23 


A-© 
B-© 
C-© 


40 


72 


R225cb 
Methanol 


56.1 
64.5 


95 
5 


47.2 


93.3 
6.7 


74-99 
1-26 


A-© 
B-© 

c-@ 


45 


73 


R225ca 
R225cb 
Ethanol 


51.1 
56.1 
78.3 


90 
5 
5 


SO 


94.8 
2.7 
2.5 


14-98 
1-85 
1-16 


A-© 
B-® 
C-© 



50 



55 
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Table 1 (continued) 



Exam- 
ples 


Mixtures 


B.P. 
(°C) 


Charged 
composi- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 

( C) 


Azeo- 
t ropic 
compo- 
sition 

(wt%) 


Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 


Test 
results 


74 


R225ca 
R225cb 
Methanol 


51,1 
56.1 
64.7 


89 
6 
5 


46 


89.8 
5.6 
4.6 


14-98 
1-85 
1-16 


A-© 
B-© 
C-® 


75 


R225ca 
Ethanol 


51.1 
78.3 


98. 5 
1.5 


50 


97.3 
2,7 


75-99.5 
0.5-25 


A-® 
B-® 
C-® 


76 


R225ca 
Iso- 

propanol 


51.1 
82.4 


- 


- 


- 


76-99 
1-24 


A-© 
B-® 
C-® 


77 


R225ca 
R113 

Dichloro- 
methane 


51.1 
47.6 
39.8 


35 
15 
50 


- 


38 
15 
47 


15-61 
8-44 
34-70 


A-® 
B-© 


73 


R225cb 

R113 

Rl32b 


56.1 
47.6 
46.8 


25 
35 
40 


- 


26 
35 
39 


6-37 
22-52 
27-51 


A-® 


79 


R225ca 

R113 

Rl32b 


51.1 
47.6 
46.8 


35 
25 
40 




32 
29 
39 


22-55 
10-46 
21-55 


A-® 


SO 


R225cb 
R113 

Dichloro- 
methane 


56.1 
47.6 
39.8 


25 
25 
50 




26 
24 
50 


8-38 
8-47 
34-63 


A-© 


81 


R244ca 
R113 

Dichloro- 
methane 


54 
47.6 
39.8 


25 
20 
55 




25 
19 
56 


6-33 
9-41 
43-68 


A-© 
B-@ 


82 


R244ca 

R113 

Rl32b 


54 
47.6 
46.8 


20 
30 
50 




19 
32 
49 


4-39 
6-53 
30-67 


A-© 



18 
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Table 1 (continued) 



5 
TO 


Exam- 
ples 


Mixtures 


B.P. 

(°C) 


Charged 
compos i 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 
(°C) 


Azeo- 
tropic 
compo- 
sition 
(wt%) 


Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 


Test 
results 


15 


83 


R225ca 
R113 
trans- 
1,2- 

dichloro- 
ethylene 


51.1 
47.6 
47.7 


A(\ 

20 
40 


- 


41 
22 
37 


28-52 
7-39 
25-48 


A~© 
B-® 


20 


84 _ 


R244ca 
R113 

2-bromo- 
propane 


54 
47.6 
59.4 


30 
60 
10 


- 


25 
62 
13 


8-36 
48-85 • 
3-28 


A-© 
B-® 


25 


85 


R225ca 
R113 

2-bromo- 
propane 


51.1 
47.6 
59.4 


40 
50 
10 


- 


42 
47 
11 


29-60 
11-61 
3-29 


A-® 
B-® 


30 


86 


R244ca 
R113 

cis-1,2- 

dichloro- 
ethylene 


54 
47.6 
60.6 


20 
60 
20 


- 


22 
58 
20 


4-38 
40-77 . 
9-32 


A-® 
B-© • 


35 


87 


R225ca 
R113 

cis-1,2- 

dichloro- 

ethylene 


56.1 
47.6 
60.6 


35 
50 
15 




32 
53 
15 


19-43 
39-60 
8-22 


A-® 
B-© 


40 
4$ 


88 


R225ca 
R113 

cis-1,2- 

dichloro- 

ethylene 


51.1 
47.6 
60.6 


40 
45 
15 




42 
45 
13 


25-54 
38-58 
8-22 


A-© 
B-© 



50 



55 
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Table 1 (continued) 



5 
10 


Exam- 
ples 


Mixtures 


n P 
o • r « 

CO 


Charged 

rnfnnos i — 

tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 
<°C) 


Azeo- 
tropic 
compo-- 
sition 

(wt%) 


Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 


Test 
results 


JS 


89 


R244ca 
R113 
t rans- 
1,2- 

dichloro- 
ethylene 


54 

A H 6 
H I • 0 


35 
22 
48 




34 
20 
46 


5-45 
4-60 
26-59 


A-® 
B-® 


20 


90 


R2^bCD 
R113 
trans- 
1,2- 

dichloro- 


JO il 

47.6 
47.7 


35 
25 
40 


• - 


36 
27 
37 


27-51 
6-44 • 
29-48 


A-O 

B-@ 


25 




ethylene 
















91 


R225cb 
R113 

2-bromo- 


56.1 
47.6 
59.4 


35 
55 
10 




34 
56 
10 


22-43 
38-68 
3-26 


A-© 
B-O 


00 




propane 
















92 


R225cb 

R113 

Cyclo- 


56.1 
47.6 
49.3 


35 
55 
10 




34 
55 
11 


20-53 
8-72 
1-40 


A-O 


35 




pentane 






- 








40 


93 


R225ca 

R113 

Cyclo- 


51.1 
47.6 
49.3 


40 
50 
10 




41 

52 
7 


28-65 
13-68 
2-35 


A-© 




pentane 














45 


94 


R244ca 

R113 

2,2- 


54 
47.6 
49.7 


25 
70 
5 




23 
71 
6 


17-46 
8-77 
2-56 


A-@ 




dimethyl- 
butane 















50 



55 
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Table 1 (continued) 



5 
JO 


Exam- 
ples 


Mixtures 


B.P. 

(°C) 


Charged 
composi- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 
(°C) 


Azeo- 
tropic 
compo- 
sition 


t\£t C W 

tropic— 
like 
compo- 
sition 
(wt%) 


Test 
results 




95 


R225ca 
R113 

l*"Cnioro 


51.1 
47.6 
46 - 6 


. 50 
20 
30 




52 
16 
32 


42-61 
7-55 
..2-43 


A-© 
B-® 


75 




propane 
















96 


R225cb 
R113 

1-chloro- 


56.1 
47.6 
46.6 


40 
30 
30 


- 


42 
27 
31 


23-44 
8-70 
2-47 


a— ty 
B-© 


20 




propane 
















97 


R244ca 
R113 

2-chloro- 


54 
47.6 
50.7 


20 
60 
20 


- 


22 
57 
21 


4-33 
41-78 
8-31 


A— ^ 
B-® 


25 




2-methyl- 
propane 














30 


98 


R244ca 
R113 
Cyclo- 
pentane 


54 
47.6 
49.3 


30 
50 
20 


- 


27 
50 
23 


5-45 
9-74 
12-46 




35 


99 


R225ca 
R113 

2-chloro- 
2-methyl- 
propane 


51.1 
47.6 
50.7 


45 
50 
5 


— 


40 
55 
5 


28—56 
12-64 
2-32 


a— (Si 
A *W 

b— vy 


40 


100 


R225cb 
R113 

2-chloro- 
2-methyl- 


56.1 
47.6 
50.7 


•a n 

60 
10 




31 
58 
11 


17-38 
41-75 
2-21 


A-© 
B-© 


45 
50 




propane 














101 


R224ca 
R113 

1-chloro- 
propane 


54 
47. 6 t 
46-6* 


35 
20 
45 




36 
19 
45 


9-39 
9-84 
.2-60 


A-@ 
B-© 



55 



21 
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Table 1 (continued) 



5 
to 


Exam- 
ples 


Mixtures 


B.P. 
(°C) 


Charged 
composi- 
tion 
(wt%) 


ooiiiny 

point 

of 

Azeo- 
trope 
CO 


Azeo- 
tropic 
compo- 
sition 

(wfc%) 


Azeo- 
tropic- 
like 
compo- 
siticn 
(wt%) 


Test 
results 




102 


R225ca 
R225cb 
2-methyl- 


51.1 
56.1 
60.3 


90 
5 
5 




90 
7 
3 


36-97 
1-51 
1-16 


A-© 


15 




pentane 
















103 


R225ca 
R225cb 
2,3- 


51.1 
56.1 
58.0 


10 
5 


- 


RR 
8 
4 


6-94 
1-83 
1-26 


A-© 


20 




dimethyl- 
butane 














25 


104 


R225ca 

R225cb 

2-chloro- 

2-raethyl- 

propane 


51.1 
56-1 
50.7 


50 
10 
40 


- 


50 
12 
38 


6-67 
4-67 
1-58 


A-© 
B-0 


30 


105 


R225ca 
R225cb 
1— chloro— 
propane 


51.1 
56.1 
46.6 


40 
15 
45 




41 
14 
45 


7-56 
7-61 
1-54 


A-O 
B-O 


35 


106 


R225ca 
R225cb 
2-bromo- 
propane 


51.1 
56.1 
59.4 


55 
10 
35 




54 

10 
36 


6-66 
5-64 
10-48 


A-© 

B-O 


40 


107 


R225ca 
R225cb 
cis-1,2- 
dichloro- 


51.1 
56.1 
60.6 


60 
10 
30 




58 
12 
30 


6-70 
4-74 
10-38 


A-® 
B-© 


45 




ethylene 















so 



55 
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Table 1 (continued) 











5 
10 


Ex acn— 
pies 


Mixtures 


B.P. 
(°C) 


Charged 
composi- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 
(°C) 


Azeo- 
tropic 
compo- 
sition 
(wt%) 


Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 


Test 
results 


15 


108 


R225ca 
R225cb 
trans- 
1,2- 

dichloro- 
ethylene 


51-1 
56.1 
47.7 


40 
15 
45 




42 
13 
45 


8-57 
6-54 
10-59 


A-® 
B-@ 


20 


109 


R225ca 
R225cb 
R122 


51.1 
56.1 
71.9 


80 
10 
10 




80 
8 

12 


40-89 

2- 37 

3- 23 


A-@ 

b— <y> 


25 


110 


R225ca 
R225cb 
R141 


51.1 
56.1 
75.7 


80 
10 
10 




B4 
8 
8 


44-92 
2-41 
1-17 


A-@ 
B-© 


30 
35 


111 


R225ca 
R225cb 
R132b 


51.1 
56.1 
46.8 


35 
10 
55 




36 
11 
53 


6-44 
4-44 
44-73 


A-® 
B-© 


112 


R225ca 
Rl41b 
Dichloro- 
ntp thane 


56.1 

32 
39.8 


25 
65 
10 




20 
67 
13 


8-31 
36-68 
3-38 


A-O 

B-@ 




113 


R225ca 
Dichloro- 


51.1 

32 
39.8 


30 
60 
10 




26 
62 
12 


8-41 
32-84 
" 3-31 


A-® 
B-© 


40 




methane 
















114 


R225ca 

Rl41b 

R123 


51.1 

32 
27-1 


15 
5 

80 




12 
7 

81 


6-33 
2-33 
44-86 


A-© 
B-@ 


45 




R225ca 


51.1 


30 




33 


5-47 


A-© 




115 


R225cb 
R113 


56.1 
47.6 


10 
60 




9 

58 


3-42 
5-79 





55 
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Table 1 (continued) 



5 
TO 


Exam- 
ples 


nlXCUIca 


B.P. 
CO 


Charged 
composi- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 


Azeo- 
tropic 
compo- 
sition 

(wt%) 


Azeo- 
tropic- 
like 
compo- 
sition 
{ wt% ) 


Test 
results 






R225ca 


51.1 


25 




25 


9-49 


A-O 




116 


R225cb 


56.1 


21 




21 


8-39 


B-O 




Dichloro- 


39.8 


55 




54 


5-70 




15 




methane 


















R244ca 


54 


15 




16 


6-31 


A-O 




117 


R141b 


32 


70 


- 


68 


38-90 


B-@ 




Dichloro- 


39.8 


15 




16 


3-40 




20 




methane 


















R244ca 


54 


20 




21 


5-58 


A-O 




118 


R225cb 


56.1 


40 


- 


42 


7-66 


B-O 




2-brorao- 


59.4 


40 




37 


5-54 




25 




propane 


















R244ca 


54 


30 




31 


4-58 


A-O 






R225cb 


56.1 


40 




35 


7-71 


B-O 




119 


cis-1,2- 


60.6 


30 


- 


34 


4-43 




30 




dichloro- 
ethylene 


















R244ca 


54 


15 




15 


8-58 


A-© 


35 


120 


R225cb 

1-chloro- 

propane 


56.1 
46.6 


40 
45 


- 


39 
46 


9-65 
5-71 


B-O 






R244ca 


54 


20 




22 


7-55 


A-O 






R225cb 


56.1 


30 




32 


8-56 


B-O 


40 


121 


2-chloro- 
2-iuethyl- 
propane 


50.7 


50 




46 


5-74 








R244ca 


54 


60 




62 


29-87 


A-O 


45 




R225cb 


56.1 


20 




20 


6-68 






122 


2,3- 

dimethyl- 
butane 


58 


20 




18 


2-29 





50 



5S 



24 
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Table 1 (continued) 



5 
10 


Exam- 
ples 


Mixtures 


B.P. 
(°C) 


Charged 
composi- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 
(°C) 


Azeo- 
tropic 
compo- 
sition 

(wt%) 


Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 


Test 
results 




123 


R244ca 
R225cb 
R132b 


54 
56,1 
46.8 


. 20 
20 
60 


- 


18 
24 
58 


5-42 
7-50 
41-80 


A-© 
B-© 


15 
20 


124 


R244ca 
R225cb 
trans- 
1,2- 

dichloro- 
ethylene 


56-1 
47-7 


t n 
25 
45 


- 


26 
44 


8-57 
5-61 


A-@ 
B-@ 


25 


125 


R244ca 
R225cb 
Cyclo- 
pentane 


54 
56.1 
49.3 


25 
30 
45 


- 


25 
32 
45 


8- 56 

9- 55 
5-69 


A-© 


30 


126 


R244ca 
R225cb 
Dichloro- 
methane 


54 
56.1 
39.8 


20' 
20 
60 


- 


17 
24 
59 


7-35 
9-42 
45-73 


A-® 
B-® 


35 


127 


R244ca 
R225ca 
2,2- 

dimethyl- 
butane 


54 
51.1 
49.7 


40 
20 
40 




39 
19 
42 


7- 61 

8- 71 
5-72 


A-© 


40 


128 


R244ca 
R225ca 
Dichloro- 
raethane 


54 
51.1 
39.8 


10 
30 
60 




12 
34 
54 


5-41 
9-48 
40-73 


A-© 
B-© 


45 


129 


R244ca 
R225ca 
R132b 


54 
51.1 
.46.8 


10 
40 
50 




9 

40 
51 


2-37 
7-50 
35-72 


A»@ 
B-© 



50 



55 
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Table 1 (continued) 



Exam- 
ples 


Mixtures 


B.P. 
CC) 


Charged 
composi- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 
(°C) 


Azeo- 
tropic 
compo- 
s i t ion 

(wt%) 


Azeo- 

tropic- 

like 

compo- 
sition 
(wt%) 


Test 
results 




R244ca 


54 


25 




24 


3-49 


A-© 


130 


R225ca 


51.1 


70 


- 


70 


47-95 


B-O 




R141 


75.7 


5 




6 


0.1-17 






R244ca 


54 


10 




11 


5-55 


A-O 


131 


R225ca 
Cyclo- 
pentane 


51.1 
49.3 


55 

35 


- 


55 
34 


9-67 
3-53 






R244ca 


54 


20 




21 


3-59 


A-@ 


132 * 


R225ca 


51.1 


70 


- 


70 


36-93 


B-® 




R122 


71.9 


10 




9 


1-22 






R244ca 


54 


10 




11 


3-69 


A-® 




p 0 O C r-a 


D J. . J. 


c n 




At 

Hi 


0-/0 


By 


133 


trans- 

1,2- 

dichloro- 
ethylene 


47.7 


40 




42 


3-54 






R244ca 


54 


8 




10 


3-59 


A-© 




R225ca 


51.1 


62 




60 


7-75 


B-@ 


134 


cis-1, 2- 

dichloro- 

ethylene 


60.6 


30 


- 


30 


3-38 






R244ca 


54 


10 




6 


3-58 


A-© 


135 


R225ca 

2-bromo- 

propane 


51.1 
59.4 


60 
30 




58 
34 


6-71 
3-44 


B-0 




R244ca 


54 


45 




47 


22-86 


A-® 


136 


R225cb 


56.1 


45 




47 


6-7 2 


B-@ 




R141 


75.7 


10 




6 


1-21 





26 
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Table 1 (continued) 



5 
10 


Exam- 
ples 


Mixtures 


B.P. 
(°C) 


Charged 
composi- 
tion 

/..La ^ 


Boiling 

point 

of 

Azeo- 
t rope 
(°C) 


tropic 
compo- 
sition 
(wt%) 


Azeo- 
tropic- 
like 
compo- 
s x ciun 
(wt%) 


Test 
results 






R225ca 


51.1 


. 50 




48 


10-88 


A-© 




137 


R225cb 


56.1 


' 10 


_ 


15 


8-70 






Cyclo- 


49-3 


40 




37 


3-58 








peat an e 


















R244ca 


54 


50 




45 


8-83 


A-© 




138 


R225cb 


56.1 


40 




45 


6-84 


B-O 


20 




R122 


71.9 


10 




10 


3-28 








R244ca 


54 


30 




29 


3-84 


A-© 






R225ca 


51.1 


65 




67 


13-94 






139 


2,3- 


58 


5 




4 


0.1-19 




25 




dimethyl- 
















butane 


















R244ca 


54 . 


10 




11 


3-48 


A-@ 






R225ca- 


51.1 


50 




48 


7-62 


B-O 


30 


1-chloro- 
propane 


46-6 


40 




41 


3-56 








R244ca 


54 


10 




10 


3-56 


A-O 






R225ca 


51.1 


60 




54 


6-72 


B-O 


35 


141 


2-chloro- 
2-methyl- 
propane 


50.7 


30 




36 


3-54 








R244ca 


54 


45 




42 


7-76 


A-O 


40 




R225cb 


56.1 


10 




14 


8-62 






142 


2,2- 

dimethyl- 
butane 


49.7 


45 




44 


3-73 





45 ' 



50 



55 
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Table 1 (continued) 



5 
10 


Exam- 
ples 


Mixtures 


B.P. 
(°C) 


Charged 
composi- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 
CO 


Azeo- 
tropic 
corapo- 
s i t ion 

(*t%) 


Azeo— 
tropic- 
like 
compo- 
sition 
(wt%) 


Test 
results 




143 


R244ca 
Methanol 


54 
64.7 








76-99 
1-24 


A-© 
B-® 


15 


144 


R244ca 
Ethanol 


54 
78.3 







- 


77-99 
1-23 


A-© 
B-© 


20 


145 


R244ca 
Iso- 

propanol 


54 
82.4 


- 


- 


- 


79-99 
1-21 


A-© 
B-® 




145 


R225ca 
R244ca 
Ethanol 


51.1 

54 
78.3 


- 


- 


- 


10-40 
1-10 


A-© 

B-® 


25 


147 


R225cb 
R224ca 
Ethanol 


56.1 

54 
78.3 


- 


- 


- 


An— an 

10-50 
1-10 


A-© 
B-© 


30 


146 


R225ca 
R225cb 
R244ca 
Ethanol 


51.1 
56.1 

54 
78.3 


- 


- 


- 


C_QQ 

3-99 
1-69 
1-35 


A-© 
B-© 


35 


149 


R225ca 
R244ca 
Methanol 


51 . 1 

54 
64.7 








50-80 
10-40 
1-10 


A-© 
B-© 


40 


150 


R225cb 
R244ca 
Methanol 


56.1 

54 
64.7 








40-80 
10-50 
1-10 


A-© 
B-© 


45 


151 


R225ca 
R225cb 
R244ca 
Methanol 


51.1 
56.1 

54 
64.7 








5-99 
3-99 
1-69 
1-35 


A-© 
B-© 



SO 



55 
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Table 1 (continued) 



Exam- 
ples 


Mixtures 


B.P. 

(°C) 


Charged 
composi- 
tion 
(wt%) 


Boiling 

point 

of 

Azeo- 
trope 
(°C) 


Azeo- 
tropic 
compo- 
sition 

(wt%) 


Azeo- 
tropic- 
like 
compo- 
sition 
(wt%) 


Test 
results 




R225ca 


51.1 








1-98 


A-® 


152 


R225cb 


56.1 








1-S8 


B-® 


Iso- 


82.4 








1-16 






propanol 















70 



20 REFERENCE EXAMPLES 

Fcr the purpose of ascertaining the effects of the azeotropic-Iike mixture of the present invention for 
stabilization, the following test was applied to the mixture as identified in Table 2. 

In accordance with JIS K1600, a metal test piece was placed in both the liquid phase portion and the 
25 gas phase portion of the stabilized mixture as identified in Table 2, and after 48 hours, the state of corrosion 
of the test piece was inspected. The results are shown in Table 2. 
Azeotropic*like mixture 

AA: R225ca/R225cb/methanoi = 47 wt%/47 wt%/6 wt% 
Stabilizer 
30 NM: Nrtromethane 
DIPA: Diisopropylamine 
Am: £-Amylene 
TPH: Triphenylphosphite 
DME: 1.2-Dimethoxyethane 
s-8u: sec-Butanol 
ECH: Epichlorohydrin 
BHT: 2,6-Oi-t-butyl-o-cresol 
BTA: 1,2,3-Benzotriazole 
PH: Phenol 
DO: 1,4-Dioxane 
MeA; Methyl acetate 
BO: 1 ,2-Buthyleneoxide 
MP: N-rnethylpyrrole 
MI8K: Methyl isobutyl ketone 
45 i-Bu: Isobirtanol 

Appearance of test piece 
®: No corrosion 
O: No substantial corrosion 
A : Corrosion slightly observed 
5 o X: Substantial corrosion observed. 



35 



40 



55 
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Table 2 



5 


Reference Examples 


Stabilized mixture (wt%) 


Corrosion of test 
piece 








Fe 


Cu 


Ag 




AA01 


AA(99.5)/PH(0.5) 


® 


O 


o 


10 


AA02 


AA(99.5)/DIPA(0.5) 


® 


O 


o 


AA03 


M(99.5)/Am(0.5) 


® 


O 


o 




AA04 


AA(99.5)/TPH(0.5) 


© 


O 


o 




AA05 


AA(99.5)/MP(0.5) 


® 


o 


o 


15 


AA06 


AA(99.5)/BTA{0.5) 


O 


® 


o 




AA07 


AA(99)/NM(1) 


© 


o 


o 




AAOS 


AA(99)/DO(1) 


© 


c 


o 


20 


AA09 


AA(99)/MeA(1) 


© 


o 


o 




AAIO 


AA(99)/BO(1) 


© 


o 


o 




AA11 


AA(99)/DME<1) 


© 


c 


o 


25 


AA12 


AA(99)/s-Bu<1) 


© 


c 


o 


AA13 


AA(99)/M1BK<1) 


© 


c 


o 




AA14 


AA(99)/ECH(1) 


© 


c 


o 




AA15 


AA(98.5)/NM(1)/BTA(0.5) 


© 


© 


© 


30 


AA16 


AA{97.5}/NM(1)/BO(1)/BHT{0.5) 


© 


© 


o 




AA17 


AA(97)/NM{1)/BO(1)/BHT(0.5/BTA(0.5) 


© 


® 


© 




AA18 


AA(96)/NM(1)/BTA{0.5)/BO{1)/i-Bu(1)/BHT(0.5) 


© 


© 


© 


35 


Comparative Example 


AAflOO) 


© 




A 



The hydrochlorofluorocarbon azeotropic or azeotropiolike mixture of the present invention is non- 
flammable or hardly flammable and has excellent properties equal or superior to conventional CFCs. 

40 Further, the mixture shows no substantial change in the composition during boiling and evaporating, since it 
has an azeotropic composition or an azeotropic-iike composition, and it can be used in the same manner as 
a conventional single CFC and thus has a merit that it requires no substantial change of the conventional 
technique. Further, it is excellent in the properties for dissolving and removing a flux or oil like R113 which 
is commonly used as a solvent, and thus it is useful as a cleaning agent which may be an alternative for 

45 R113. 



Claims 

so 1. A hydrochlorofluorocarbon azeotropic or azeotropic-like mixture comprising at least one member 
selected from the group consisting of hydrochlorofluoropropanes of the formula I: 
CHaClbFcCFzCHxCfyF, (I) 

wherein a + b + c=3, x + y + z = 3, a + x2H, b + y*1 t and Oia.b.c.x.y.z^, and at least one member selected 
from the group of compounds II consisting of halogenated hydrocarbons having a boiling point of from 20 to 
55 85 C other than said hydrochlorofluoropropanes, hydrocarbons having a boiling point of from 20 to 85 "C 
and alcohols having from 1 to 4 carbon atoms. 

2. The mixture according to Claim 1, wherein the hydrochlorofluoropropanes of the formula I are 3,3- 
dichloro-l.l.l.as-pentafluoropropane (R225ca), 1.3-dichloro-1,1,2.2,3-pentafluoropropane (R225cb), 3-chIoro 

30 
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1,1,2,2-tetrafluoropropane (R244ca), 1-chloro-1,2,2,3-tetrafluoropropane (R244cb), S-chloro-I.I^.S-pen- 
tafiuoropropane (R235ca) and 1,1-dichloro-1,2,2-trifiuoropropane (R243cc).' 

3. The mixture according to Claim 1, wherein the halogenated hydrocarbons having a boiling point of 
from 20 to 85 *C other than said hydrochlorofluoropropanes are chlorinated hydrocarbons, fluorinated 

s hydrocarbons and brominated hydrocarbons having from 1 to 4 carbon atoms. 

4. The mixture according to Claim 1, wherein the hydrocarbons having a boiling point of from 20 to 
85 " C have from 5 to 8 carbon atoms. 

5. The mixture according to Claim 1, wherein the alcohols having from 1 to 4 carbon atoms are 
methanol, ethanol and isopropanol. 

io 6. The mixture according to Claim 3, wherein the chlorinated hydrocarbons having from 1 to 4 carbon 
atoms are dichloromethane, trans- 1 ,2-dichloroethylene, cis-1 ,2-dichloroethylene, 1 -chloropropane and 2- 
chloro-2-methy!propane. 

7. The mixture according to Claim 3, wherein the fluorinated hydrocarbons are 1,1,2-trich- 
iorotrifluoroethane (R113). I.l^-trichloro^^-dtfluoroethane (R122), Ij-dichloro^^^-trifluoroethane (R123), 

is 1,2-dichloro-1,1-difluoroethane (R132b) ( 1 ,2-dichloro-1 fluoroethane (R141) and 1,1-dichloro-1-fluoroethane 
(141b). 

8. The mixture according to Claim 3, wherein the brominated hydrocarbon is 2-bromopropane. 

9. The mixture according to Claim 4, wherein the hydrocarbons having from 5 to 8 carbon atoms are 
cyclopentane, 2,2-dimethylbutane, 2-methylpentane and 2,3-dimethylbutane. 

20 10. The mixture according to Claim 1, which comprises R225ca and at least one member selected from 
the group consisting of R141, R141b. R141b/dichloromethane, R141b/R123, dichloromethane, R122, R132b, 
R113, R113/R132b. R1l3/dichloromethane, R1 13/2-bromo propane, cyclopentane. 2,2-dimethylbutane. 2- 
methylpentane, 2-bromopropane, 2,3-dimethylbutane, trans-1 ,2-dichloroethylene, cis-1 ,2-dichloroethylene, 
R113/cyclopentane, R1 13/1 -chloropropane, R1 13/trans-1 ,2-dichloroethylene, R1 13/cis-1 ,2-dichloroethylene, 

25 R113/2-chloro-2-methy!propane, methanol, ethanol and isopropanol. 

11. The mixture according to Claim 1, which comprises R225cb and at least one member selected from 
the group consisting of R141, R141b, R141b/dichloromethane, dichloromethane, R122, R132b f R113, 
R113/R132b, R113/dichloromethane, cyclopentane, 2,2-dimethylbutane, 2-methylpentane, trans-1 ,2-dich- 
loroethylene. cis-1 ,2-dichloroethylene, 2,3-dimethylbutane, 2-bromopropane, R113/cyclopentane, R113/1- 

30 chloropropane, R1 13/trans-l ,2-dichloroethylene. R113/cis-1 ,2-dichloroethylene, R113/2-bromopropane, 
R113/2-chloro-2-methylpropane, methanol, ethanol and isopropanol. 

12. The mixture according to Claim 1, which comprises R224ca and at least one member selected from 
the group consisting of R141b, R141b/dichloromethane, dichloromethane, R122, R132b, R113, R113/R132b, 
R113/dichioromethane, cyclopentane, 2,2-dimethylbutane, 2-bromopropane, 2-methylpentane, 2,3-dimethyl- 

35 butane, R113/2 bromopropane, R1 1 3/cyclopentane, RllS/^-dimethyibutane. R1 13/1 -chloropropane. 
R113/trans-1,2- dichloroethylene, R113/cis-1 ,2-dichloroethylene, R113/2-chloro-2-methylpropane, trans-1 ,2- 
dichloroethylene, cis-1 ,2-dichloroethylene, methanol, ethanol and isopropanol. 

13. The mixture according to Claim 1, which comprises R225ca, R225cb and at least one member 
selected from the group consisting of 2-methylpentane, 2,3-dimethylbutane, 2-chloro-2-methylpropane, 1- 

40 chloropropane, 2-bromopropane, cis-1 ,2-dichloroethylene, trans-1 ,2-dichloroethylene. cyclopentane, R122, 
R141, R132b, R113, dichloromethane, methanol, ethanol and isopropanol. 

14. The mixture according to Claim 1 f which comprises R225cb, R244ca and at least one member 
selected from the group consisting of 2,2-dimethylbutane, cyclopentane, 2,3-dimethylbutane, .cis-1 ,2- 
dichloroethylene, 2-bromopropane, 1 -chloropropane, 2-chloro-2-methylpropane, Rl32b, trans-1 ,2-dtch- 

46 loroethylene, dichloromethane, R141, R122, methanol and ethanol. 

15. The mixture according to Claim 1, which comprises R225ca, R244ca and at least one member 
selected from the group consisting of 2,2-dimethylbutane, cyclopentane, 2,3-dimethylbutane, dich- 
loromethane, R132b, R141, R122, trans-1 ,2-dichloroethylene, cis-1 ,2-dichloroethylene. 2-bromopropane, 1- 
chloropropane, 2-chloro-2-methylpropane, methanol and ethanol. 

eo 16. The mixture according to Claim 1 t which comprises R235ca and at least one member selected from 
the group consisting of trans- 1 ,2-dichloroethylene, cis-1 ,2- dichloroethylene. dichloromethane, cyclopentane, 
2-bromopropane, 2,2-dimethylbutane. R113, R123. R132b and R141b. 

17. The mixture according to Claim 1, which comprises R243cc and at least one member selected from 
the group consisting of trans-1 ,2-dichloroethylene, cis-1 ,2-dichloroethylene, 2-bromopropane, 2-methylpen- 

55 tane, dichloromethane, cyclopentane, 2,3-dimethylbutane, R122 and R132b. 

18. The mixture according to Claim 1, which comprises R244cb and at least one member selected from 
the group consisting of dichloromethane, cyclopentane, 2,2-methylbutane, 2,3-dimethylbutane, 2-methylpen- 
tane, 2-bromopropane, R122, R132b, R113, trans-1 ,2-dichloroethylene, cis-1 ,2-dichloroethylene and R141. 

31 
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19. The mixture according to Claim 1, which comprises R225ca, R225cb, R244ca and methanol. 

20. Th9 mixture according to Claim 1 , which comprises R225ca, R225cb. R244ca and ethanol. 



32 
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